Because of its role in industrial plasma processing and etching, the SF molecule has been studied extensively, both theoretically and experimentally. Theoretical work on SF includes SCF and CEPA ab initio calculations."* Gas phase microwave3 and infrared4 spectroscopy by Endo et al. has provided precise molecular constants for the SF 21Tu2 ground state. In earlier studies, Carrington et al. ' and Di Lonardo and Trombett? used lower resolution spectroscopic techniques to estimate the spin-orbit splitting of the inverted *l-I ground state to be -387 l 25 and -398 f 8 cm-', respectively. In addition, Hildenbrand' employed mass spectrometric measurements of high temperature equilibria to determine &,( SF) = 8 1.2 f 2.0 kcal/mol. On the other hand, very little is known about the corresponding negative ion. O'Hare and Wah18 used Hartree-Fock calculations to estimate the electron affinity of SF (2.5 *to.5 eV). Recently, Peterson and Woods' performed high level CI, MP4SDQ, and CEPA calculations to investigate the properties of SF-. In this study, we examine the 351 nm photoelectron spectrum of SF-. The molecuIar properties determined include the adiabatic electron affinity of SF, the anion bond length and vibrational frequency, as well as the spin-orbit splitting of the SF ground state.
The photoelectron spectrometer has been described previously.'"*" SF-is produced by introducing ti-ace quantities of SO2 and NF3, along with helium buffer gas, upstream of the microwave discharge flowing afterglow source." Ions are gently extracted, focused, accelerated, and mass selected with a Wien filter before entering the interaction region. The ion beam is crossed by the single frequency (35 1.1 nm) output of an argon ion laser which is coupled into a high finesse build up cavity." Photodetached electrons are energy analyzed in a hemispherical energy analyzer with 9 meV resolution. The S-ion, with an electron affinityI of 2.077 104( 1) eV, is used to calibrate the absolute electron energy scale.
The 35 1.1 nm photoelectron spectrum of SF-is shown in Fig. 1 . Vibrational structure is observed from SF(*n,,,, *l-I 1/2; 3") + e--SF-( 'B + ;Y" ) transitions. The electron binding energy (eBE) shown on the top scale, is obtained by subtracting the photoelectron kinetic energy from the photon energy (eBE = hv -eKE). The vibrational assignments of the spectrum are unambiguous, due to the difference between the vibrational frequency of the anion and neutral species. The observed vibrational spacings confirmed the identity of the signal carrier to be SF-.
SFmolecular constants are determined from Franck-Condon simulations of the vibrational progression. All of the electronic states are modeled as Morse oscillators; the simulation procedure has been described previously.'3 For the analysis, spectroscopic constants for the ground state of SF are fixed at literature experimental values4 and WeXe( anion) is fixed at the ab initio value. ' The constants extracted from the analysis are r,(anion), o, (anion), and T"ib(anion) = 375( 50) K. The bond length of the anion is assumed to be longer than that of the neutral, because the extra electron is in a r* orbital. This assumption is confirmed by the lowered vibrational frequency observed in the anion. In addition, the neutral spin-orbit splitting is determined from the doublet splitting illustrated in Fig. 1 . The molecular constants obtained are summarized in Table I . The CEPA-1 ab initio SF-molecular constants (r, = 1.7217 A and o, = 642 cm-') calculated by Peterson and Woods' are in excellent agreement with our experimental measurements.
The adiabatic electron affinity corresponds to the transition from the lowest quantum state (U = 0, J = 0) of the anion to the lowest quantum state of the neutral. Because the spectrometer lacks rotational resolution, the rotational ELECTRON BINDING ENERGY kVJ 2.9 2.0 2.7 2.6 2.6 2.4 2.3 2.2 ,,,..,.,.llrr..l~.~.l,l.lllr~. envelope for each vibrational transition must be simulated13 based on the bond lengths determined in the Franck-Condon analysis. The rotational contour simulation indicates that the rotationless origin of each transition is shifted by + 3.0 meV (eKE) from the peak center. The simulation shown in Fig. 1 is performed using a calculated rotational contour for each peak. The resulting adiabatic electron affinity is 2.285(6) eV. Previous theoretical estimates of the electron affinity of SF come from Hartrw Fock calculations* (2.5 *to.5 eV),~ application' of Koopmans' theorem ( 1.7 eV), and combining calculated values with experimental values in a thermochemical cycle ' (2.15 eV) . By examining trends in the electron affinities of SF, compounds, an electron affinity of 2.OAO.5 eV was estimated.t4 All of the theoretical values and our measurement are in strong disagreement with a recentI doublecharge-transfer spectroscopy investigation of SF+ which measured a lower limit, EA( SF) > 4.1 eV.
The difference between the anion and neutral dissociation energies is very accurately determined to be 1.114( 7) eV using the literature" value for EA( F) and our experimental value for EA(SF) in the relation D&SF) --D&SF-) = EA(F) -EA(SF).
Combining this with the literature' value for &SF) of 81.2A2.0 kcal/mol (3.52kO.09 eV), Di (SF-) is calculated to be 2.40(9) eV. The dissociation energy of the an-
